The methanol extracts of four Parmeliaceae lichens (Hypogymnia physodes, Evernia prunastri, Flavoparmelia caperata and Parmelia sulcata) were screened for antioxidant properties and total phenol content. The H. physodes extract was the most effective at reducing iron(III) and scavenging 1,1-diphenyl-2-picrylhydrazyl radicals, while the P. sulcata extract was the most effective in reducing molybdenum(VI) in an acidic medium. The E. prunastri and H. physodes extracts contained more Folin-Ciocalteu reagent reactive substances than the F. caperata and P. sulcata extracts. Significant activity of the H. physodes extract in DPPH and reducing Fe(III) assays suggest that this lichen can be considered as a potential source of antioxidants.
Introduction
Lichens, symbiotic associations between fungi and algae and/or cyanobacteria, produce over 800 unique secondary metabolites and exert manifold biological activities, such as antibiotic, antimycobacterial, antiviral, anti-inflammatory, analgesic, antipyretic, antiproliferative and cytotoxic effects [1] . The lichen mycobiont lacks photosynthetic capabilities and obtains carbon sources from the photobiont. In return, the mycobiont, with its highly differentiated morphological structures, secures adequate illumination, water, mineral salts and gas exchange for the photobiont. The proportion of the photobiont (algae and/or cyanobacteria) is generally small in lichen (about 3.1%, w/w). Most of the complex organic compounds isolated and identified from lichens are of fungal origin [2] . The development of axenic culturing methods for lichen mycobionts has also proven that the isolated fungal component can produce the typical lichen metabolites when appropriate nutrients and conditions are provided [3] .
Most of the secondary metabolites present in lichens are derived from the polyketide pathway [2] .
Other secondary metabolic pathways are the shikimic acid and mevalonic acid pathways. Polyketides are built primarily from combinations of acetate (acetylCoA) and malonate (malonyl-CoA) units. The shikimic acid pathway provides an alternative route to aromatic compounds, particularly the aromatic amino acids L-phenylalanine, L-tyrosine and L-tryptophan. Mevalonic acid pathways, on the other hand, produce mainly terpenoids, which are derived from C5 isoprene units [4] .
Production of secondary metabolites is costly to the organisms in terms of nutrients and energy, so one would expect that the plethora of metabolites produced by lichens would have biological significance to the organisms. Some of the possible biological functions of lichen metabolites, as summarized by Huneck and Yoshimura are as follows [5] :
• Antibiotic activities -provide protection against microorganisms; • Photoprotective activities -aromatic substances absorb UV light to protect photobionts against intensive irradiation; • Promote symbiotic equilibrium by affecting the cell wall permeability of photobionts;
• Chelating agents -capture and supply important minerals from the substrate; • Antifeedant/ antiherbivory activities -protect the lichens from insect and animal feedings; • Hydrophobic properties -prevent saturation of the medulla with water and allow continuous gas exchange.
The therapeutic potential of lichens has not yet been fully exploited, most likely due to their slow growth in nature and the difficulty of propagating them in culture [6] .
Free radicals in the organism can promote the initiation and/or propagation of diseases, including atherosclerosis, inflammation, cancer, cardiovascular diseases, ischemia, aging and other degenerative afflictions [7] . Phenols have been recognized as potent antioxidants [8] . Even though lichens are an important source of phenolic compounds, the number of studies considering the antioxidant properties of their extracts or isolated pure compounds are relatively rare [7, [9] [10] [11] [12] [13] . To the best of our knowledge there is no documentation of the antioxidant activities of methanol extracts of Hypogymnia physodes, Evernia prunastri, Flavoparmelia caperata or Parmelia sulcata. Bearing in mind importance of new natural antioxidants for quenching biologically harmful radicals, the aim of the present study was to evaluate the in vitro antioxidant potential of methanolic extracts of the four above mentioned Parmeliceae species by different assays and discuss mutual correlation between the results of the antioxidant assays. 
Experimental Procedures

Plant material
Extraction
The air-dried lichen powdered materials (10 g) were extracted with methanol (250 mL) at room temperature for a period of 24 h. The extracts were filtered and methanol was evaporated in vacuo at 40°C. The solutions of extracts were prepared in methanol to a final concentration of 1 mg of dray residue/mL.
Total phenolic content determination by the Folin-Ciocalteu method
The total phenolic concentration was determined spectrophotometrically according to the Folin-Ciocalteu colorimetric method. Methanol extract solution (0.1 mL) and 1 mL of Folin-Ciocalteau reagent, purchased from Sigma Chemicals Co (St. Louis, MO, USA) were mixed in a 20 mL calibrated flask. After 1 min, 4 mL of sodium carbonate (20% v/v) was added and the volume was filled to 20 mL with distilled water; finally, the mixture was allowed to stand at room temperature in darkness for 30 min and the absorbance of the solution at 750 nm was measured with a Perkin-Elmer Lambda 15 UV-VIS spectrophotometer. The total phenolic concentration was calculated from a calibration curve using gallic acid as a standard (50-500 μg/mL). The gallic acid was provided by Sigma Chemicals Co (St. Louis, MO, USA). Data were expressed as mg of gallic acid equivalents (GAE)/g of extract, averaged from three measurements.
Scavenging of the stable radical 1,1-diphenyl-2-picrylhydrasyl -DPPH˙ assay
The DPPH˙-assay was performed as described in Mimica-Dukić et al. [14] . Briefly, 10 μL of each extract was mixed with 90 μmol/L DPPH˙ in methanol (1.0 mL), and methanol was added to a final volume of 4.0 mL. The mixtures were shaken vigorously and were stored in darkness for 60 min at room temperature. After incubation the absorbance was measured at 515 nm (Perkin-Elmer Lambda 15 UV-VIS spectrophotometer). All reactions were carried out in triplicate. The DPPH˙ scavenging activity was expressed by radical scavenging capacity using the following equation: DPPH RSC(%)=100 (A 0 −A 1 /A 0 ) where A 0 was the absorbance of the control reaction (full reaction, without the tested extract or BHT) and A 1 was the absorbance in the presence of the sample.
The EC 50 values (concentration of extract in the reaction mixture needed to decrease by 50% the initial DPPH˙ concentration) were determined by polynomial regression analysis of the obtained DPPH-RSC values (software ORIGIN 2001).
Reducing power assay Fe(III) to Fe(II)
Reducing power of all extracts was determined as described in Mimica-Dukić et al. [14] . Reducing power was expressed in relation to the reducing power of ascorbic acid as a positive control (Ascorbate Equivalent Antioxidant Capacity).
Each prepared extract (10 μL) was mixed with K 3 [Fe(CN) 6 ] (1 mL, 1%) and NaH 2 PO 4 -Na 2 HPO 4 buffer (1 mL, 0.2 mol/L, pH 6.6). These mixtures were incubated at 50°C for 30 min, then trichloroacetic acid (1 mL, 10%) was added and mixtures were centrifuged at 3000 rpm for 10 min. Finally, the supernatant fractions (1 mL) were mixed with distilled water (1 mL) and FeCl 3 (0.2 mL, 0.1%). The absorbencies of resulting solutions were measured at 700 nm. For each sample three replicates were carried out.
AEAC was calculated by the following equation: AEAC = C A (A S /A A ) where C A -final concentration of ascorbic acid in μg/mL, A S -absorbance of the sample, A A -absorbance of ascorbic acid.
Reducing power assay Mo(VI) to Mo(V)
The total antioxidant capacity of the extracts was evaluated by the method of Prieto et al. [15] using a PerkinElmer Lambda 15 UV-VIS spectrophotometer. Briefly, an aliquot of 0.5 mL of sample solution was combined in an Eppendorf tube with 5 mL of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate). The tubes were capped and incubated at 95°C for 90 min. After the samples had cooled to room temperature, the absorbance of the solution was measured at 695 nm against a blank. The blank solution contained 5 ml of reagent solution and 0.5 ml of methanol, and was incubated under the same conditions as the samples. Stock solutions of a-tocopherol were prepared in methanol just prior to use. The total antioxidant capacity was expressed as equivalents of a-tocopherol (µmol per gram of extract) using a standard curve at five concentrations covering the range of 1-700 μmol.
Results and Discussion
Extract yield, total phenols, reducing and radical scavenging activity of methanol extracts of the four Parmeliaceae study species are presented in Table 1 . Structures of representative lichen extracts constituents are shown in Figure 1 .
Whenever possible, the obtained results were compared with those that had been previously published. This task was complicated by several factors such as differences in experimental protocols, standards and units in which the results were expressed. Odabasoglu et al. [11] and Gulcin et al. [10] presented only sample absorbance and thus it was not possible to calculate EC 50 or standard equivalents.
The extract yields for the examined samples ranged from 144.1 mg/g (14.4%, H. physodes) to 110.3 mg/g (11.0%, P. sulcata). Even though extraction is the first step for the majority of chemical and biological lichen assays, most other authors omitted extract yield data, considering them irrelevant because no significant correlation could be found between either the extraction yields and chemical composition or between the extraction yields and the results from the different biological assays [16] . Seo and coworkers [17] reported that the Antarctic lichen Stereocaulon alpinum yielded 11.8% of methanol extract, a value comparable to our results. Content of methanol extractable constituents were lower in four Turkish lichens [11] , ranging from 1.64% to 5.54%. The assay, based on Folin-Ciocalteu reagent and commonly known as the total phenols assay, measures a sample's reducing capacity and obtained results should be considered as content of all reducing substances in extract not exclusively phenol content.
The exact chemical nature of Folin-Ciocalteu reagent is not known but it is believed that an electron transfer reaction occurs between Mo(VI) and the examined samples. The activity of sample extracts toward FolinCiocalteu reagent expressed as gallic acid equivalents (18.2-7.9 mg gallic acid/g of extract) was lower than previously published results (18.6-75.1 mg gallic acid/g extract) [11] . Methanol extracts of some cultured lichens contained total phenols ranging from 12.8-34.8 mg pyrocatehol/g of dry lichen [6] .
The Prieto et al. [15] method is based on the reduction of Mo(VI) to Mo(V) as well as total phenolic assay in acidic conditions, while the Folin-Ciocalteu assay is performed at pH ~10. E. prunastri extract showed the highest reducing activity toward Folin-Ciocalteu reagent and the lowest toward the reagent in the Prieto et al. assay. For the P. sulcata extract the results were the opposite.
The H. physodes extract reduced 4.5; 3.8 and 2.7 times more Fe(III) to Fe(II) than extracts of F. caperata, P. sulcata and E. prunastri respectively. The DPPH Radical scavenging capacity of the H. physodes extract was significantly higher than the capacity of the other three samples. Published results of the DPPH assay obtained in different laboratories vary greatly even for standard antioxidants like ascorbic acid and butylated hidroxytoluene (BHT) as a result of differing experimental protocols [18] . Behera et al. [6] reported EC 50 values from 13.6 to 30 μg/ml for methanol extracts of some cultured lichens and 16.7 μg/ml for ascorbic acid. These values are much lower than results obtained from our samples. For some of the common lichen constituents, such as orcinol and orsellinic acid, EC 50 values were 363 and 841 μg/ml respectively, [7] which is within the range of our results with the exception of the H. physodes extract. Also, our results are in agreement with the reported scavenging ability of Umbilicaria nylanderiana (400.2 μg/ml, the EC 50 values for BHT was the same as in our experiment, 19.8 μg/ml) [13] .
Conclusion
Among the lichen species studied, the highest Fe(III) to Fe(II) reducing power and DPPH radical scavenging activity were shown by the H. physodes extract, so it can be considered as a potential source of antioxidants. E. prunastri extract had the lowest Mo(VI) to Mo(V) reducing power and DPPH radical scavenging activity.
Our results did not show any positive correlation between antioxidant activity and total phenolic contents. This observation might be attributed to the presence of non-phenolic compounds, antagonistic or synergistic interactions between constituents and also distinct antioxidant activities of individual phenolics. Lopes et al. [7] , in studying the radical-scavenging activity of common lichen constituents, verified that phenols with hydroxyl groups that established hydrogen bonds with neighboring carbonyl groups were less active than phenols without that possibility (EC 50 for orsellinic acid was 841 μg/ml, EC 50 for orcinol 363 μg/ml, structures of orcinol and orsellinic acid are given in Figure 1 ).
Previously published results showed that E. prunastri extracts could be recognised by the presence of evernic acid, evernin and usnic acid [19] while physodic, isophysodic, physodalic and 3-hydroxyphysodic acid dominated in H. physodes extracts [20] . Bialonska and Dayan [21] detected decreases in the levels of physodic acid, hydroxyphysodic acid, and atranorin in the extract of H. physodes transplanted into the vicinity of a chemical industry producing chromium, phosphor, and sulfur compounds. The content of physodalic acid increased in every thalli sample transplanted, suggesting a possible role of this compound in defense against stress caused by accumulated pollutants.
To the best of our knowledge, data on the composition of F. caperata and P. sulcata extracts are scarce. Usnic acid and atranorin were detected in both P. sulcata and F. caperata [22] ; additionally, atraric acid and ethyl haematommate were found in F. caperata extracts [23] . Assuming that the chemical profile of lichens is relatively consistent in regards to main constituents [24] , the pronounced activity of H. physodes extract in DPPH and reducing Fe(III) assays was likely caused by hydroxyl groups that were not engaged in hydrogen bonds with neighboring groups while both the hydroxyl groups in evernic acid could form hydrogen bonds (structures of physodic and evernic acid are given in Figure 1) .
Our results emphasize the need for further work in establishing the activity of individual extract constituents, and also the examination of their mixture activity to discover any possible antagonistic or synergistic interactions that may occur between them.
